Introduction {#s1}
============

Lung cancer is one of the most commonly occurring malignancies, with more than 1.3 million incident cases, and a major cause of cancer death worldwide [@pone.0054823-Parkin1]. In Korea, cancer has been the leading cause of death since the 1980s; in particular, lung cancer has ranked first among all cancer deaths. In 2010, a total of 15,623 lung cancer deaths occurred, and 73% (n = 11,411) of them were among men in Korea [@pone.0054823-Statistics1]. Lung cancer was also the second most common cancer in incidence among Korean men and the first among elderly Korean men (≥65 years). The age-standardized lung cancer incidence rates in 2009 were 46.8 in men and 13.9 in women per 100,000 person-years [@pone.0054823-Jung1]. Compared with other types of cancer, lung cancer survival rates were much lower in Korea. The 5-year relative survival rates were 14.9% in men and 19.6% in women for cancer patients newly diagnosed between 2001 and 2005 in Korea [@pone.0054823-Jung1].

The established risk factors for lung cancer include active tobacco smoke, second-hand smoke, air pollution, industrial chemicals, physical inactivity, and a family history of lung cancer [@pone.0054823-Secretan1]--[@pone.0054823-Schottenfeld1]. The consumption of fruits and vegetables, especially those containing beta-carotene or carotenoids, has been shown to reduce the lung cancer risk [@pone.0054823-Ells1]. On the other hand, an increased risk of lung cancer was reported in the Carotene and Retinol Efficacy Trial (CARET), particularly in high-risk populations including heavy smokers [@pone.0054823-Omenn1]. Among these risk factors, smoking is known to be the most important factor that can be modified at the individual level. Historically smoking prevalence has been high among Korean men. Although it has continuously decreased over the last two decades, from 75.1% in 1992 to 43.1% in 2009, the smoking prevalence in Korean men is still among the highest of countries included in the Organisation for Economic Cooperation and Development (OECD) [@pone.0054823-Ministry1], [@pone.0054823-American1]. Smoking patterns and the magnitude of the increased risk of lung cancer among smokers in Asian populations are very different from those in Western populations. The lung cancer risks observed among smokers in Asia are generally much lower than those among smokers in Western populations. The relative risk for current smokers in Western countries reportedly ranges from 9.94 [@pone.0054823-Gandini1] to 12.8 [@pone.0054823-Thun1], whereas in Asia it is as low as 4.0 [@pone.0054823-Jee1].

To identify those with a higher risk of lung cancer for the purposes of prevention and early detection, the development of an individualized risk prediction model for lung cancer is vital. Several lung cancer risk prediction models have been developed, however they are predominantly focused on participants in Western populations from the United States [@pone.0054823-Bach1]--[@pone.0054823-Cassidy1]. No previous study has developed an absolute risk prediction model for lung cancer that can be directly applied to an Asian population. Therefore, there is a great need to develop and validate a population-specific risk prediction model using data from Asian countries. The objective of the present study was to develop a lung cancer risk prediction model in Korean men using a large population-based prospective study.

Methods {#s2}
=======

Ethics Statement {#s2a}
----------------

This study was approved by the Institutional Review Board of the National Cancer Center, Korea (IRB no. NCCNCS09-305). The need for participants' consent was waived by the ethics committee because this study involved routinely collected medical data that were anonymously managed in all stages, including data cleaning and statistical analyses.

Study Population and Data Collection {#s2b}
------------------------------------

All men between the ages of 30 and 80 years who underwent health examinations between 1996 and 1997 were used for this study. During the health check-ups, participants filled out a questionnaire about smoking habits, alcohol drinking, physical activity, meal preferences (meat vs. vegetables), previous disease history, and history of disease in parents or siblings (including any type of cancer, cardiovascular disease, or diabetes). Height, weight, and blood pressure were directly measured. Smoking status was classified as never, past, and current smoker. A past smoker was defined as a person who "has quit smoking for at least 1 year" before the time of the health check-up. Duration of smoking was assessed for past and current smokers, and the average amount smoked per day was assessed for current smokers. Physical activity was evaluated based on the intensity (number of exercise sessions per week) and duration (how long per session) of leisure-time physical activity. We classified physical activity into three groups: (1) low, ≤4 times/week at \<30 minutes/session; (2) moderate, 2--4 times/week at ≥30 minutes/session or ≥5 times/week at \<30 minutes/session; and (3) high, ≥5 times/week at ≥30 minutes/session [@pone.0054823-Kushi1], [@pone.0054823-Yun1].

Blood and urine laboratory test results were obtained, including fasting glucose levels. The health check-up data were obtained from the Korea National Health Insurance Corporation.

Cancer incidence cases among study participants were identified through the Korea Central Cancer Registry database. The Korea Central Cancer Registry is a combination of a hospital- and population-based cancer registry system covering more than 95% of all newly diagnosed cancer cases in Korea. Lung cancer cases were classified according to ICD-10 codes (C33 and C34) [@pone.0054823-World1]. Information on participants' vital status was obtained from the death certification data of the Korean Statistics Office [@pone.0054823-Statistics1]. The starting point was the date of health examination, the event date was the date of first diagnosis of lung cancer, and the last date of follow-up was December 2007. Participants free of lung cancer until the end of follow-up were considered censored. We restricted our analyses to participants aged 30 to 80 years who were free of any cancer at baseline and for whom we had complete information on the relevant risk factors.

Development of the Risk Prediction Model {#s2c}
----------------------------------------

Our model was configured to estimate the absolute risk that an individual will have lung cancer in 8 years. To identify the significant risk factors for lung cancer in our data, we explored the crude and age-adjusted analysis for each risk factor. We employed the Cox proportional hazards model to develop a multivariable model for lung cancer risk. The time to event was defined as the difference between the date of health examination at baseline and the date of first lung cancer diagnosis or follow-up termination, whichever came first. To select the best-fit risk prediction model for lung cancer, we included variables that showed statistical significance at the 0.10 level in the univariate analysis or that were chosen from the stepwise regression model. We then used a hierarchical variable selection method by comparing models with different sets of variables. Likelihood ratio tests were employed to select significant variables. The proportional hazards assumption was checked by investigating the log-log survival plot. Age was included in the model as a quadratic term (age-mean~age~ and \[age-mean~age~\]^2^) because it improved the model fit. All other variables were included in the model as categorical variables. We also considered a composite variable for smoking that combined smoking status and the average amount smoked per day (non-smoker, past smoker, or current smoker consuming \<0.5 pack/day; current smoker consuming 0.55--0.99 packs/day; or current smoker consuming \>1 pack/day). For body mass index (BMI), we used the World Health Organization (WHO) criteria specific to Asian populations (\<18.5, 18.5--22.9, 23.0--24.9, and ≥25.0) [@pone.0054823-Inoue1]. Age at smoking initiation was assessed using the information on smoking duration for current smokers only and age at the time of the questionnaire. We divided the age at smoking initiation into five age groups (\<16, 16--18, 19--29, 30--39, and ≥40 years) based on the school aging system in Korea and 10-year age intervals. For the category of "\<16 years age at smoking initiation," we first considered a finer division such as \<11, 12--13, and 14--15 years; however, due to lack of sufficient cases in these age groups, we used the collapsed category.

A simple prediction model including only age and smoking variables was also considered. Both age and smoking variables were highly significant predictive variables, and the estimated hazard ratios were very similar to those in the multivariable model with additional variables. However, the likelihood ratio test revealed that the model with additional variables had an improved model fit compared with a simple model including age and smoking only (likelihood ratio test, χ^2^ = 442.14, df = 11, p\<0.0001). Our final model for predicting individualized lung cancer risk included age, smoking status, age at smoking initiation, BMI, physical activity, and fasting glucose levels.

The probability of developing lung cancer within 8 years (t = 8) was estimated as follows:where f(x) = β~1~x~1~+ β~2~x~2~+ β~3~x~3~+...+β~k~x~k~.

In the above equation, x~1~,..., x~k~ are the values of risk factors, M~1~,..., M~k~ are the mean values for relevant risk factors, and β~1~,..., β~k~ are the coefficient estimates from the Cox proportional hazard model. Baseline survival probability at time t (t = 8 years), S(t), is estimated when all risk factors are at their mean values. Based on the β coefficients from the Cox proportional hazard model, score sheets were developed by assigning points for each risk factor [@pone.0054823-Wilson1]. The detailed scoring system for our lung cancer risk prediction model is presented in [Appendix S1](#pone.0054823.s001){ref-type="supplementary-material"}.

Validation of the Risk Prediction Model {#s2d}
---------------------------------------

We tested the validity of our model with an external validation using participants from the Korean National Health Corporation (1998 to 1999). Data of 507,046 male participants were used in the validation analysis. Performance of the model was evaluated with respect to discrimination and calibration. Discrimination was quantified using the C-statistics developed for survival data [@pone.0054823-Nam1]. C-statistic is a concordance measure, analogous to the Receiver Operating Characteristic (ROC) curve area which can be interpreted as the probability that the model predicts a higher risk of lung cancer for those who actually developed lung cancer compared with those who did not develop lung cancer over the follow-up time [@pone.0054823-Hanley1]. The prediction model is considered good when the discrimination is \>0.75. Calibration ability refers to how closely the predicted probabilities agree numerically with the actual outcomes. We used a Hosmer--Lemeshow (H-L)-type χ^2^ statistic developed for survival data [@pone.0054823-Nam1]. The risk of developing lung cancer for each participant was calculated from the prediction model, and results were sorted in ascending order. Then, in each decile, the average predicted probabilities were compared with the actual lung cancer risk estimated by the Kaplan--Meier approach. The performance of the developed model was also tested on the external validation dataset in regard to discrimination and calibration. Statistical analyses were performed using SAS version 9.1 (SAS institute, Cary, NC), and graphs were generated using STATA statistical software, Version 10 (STATA, College Station, TX).

Results {#s3}
=======

Major Risk Factors Affecting the Lung Cancer Risk {#s3a}
-------------------------------------------------

A total of 1,309,144 participants aged 30 to 80 years were included in this study, and 10,007 newly diagnosed lung cancer cases were observed during the 8-year follow-up. [Table 1](#pone-0054823-t001){ref-type="table"} presents the number of newly diagnosed lung cancer cases in this study and compares the lung cancer rates in our cohort with those in the total Korean male population. While slightly higher than those in the general population in Korea, the age-specific lung cancer incidence rates in this study appeared to be representative of the Korean male population ([Table 1](#pone-0054823-t001){ref-type="table"}).

10.1371/journal.pone.0054823.t001

###### Comparison of lung cancer incidence rates in our study and in the total Korean male population.

![](pone.0054823.t001){#pone-0054823-t001-1}

            Cohort in this study                                 Total Korean male population
  -------- ---------------------- ------------ -------- ------- ------------------------------
  30--34          236,521          2,674,905     111      4.2                1.5
  35--39          251,249          2,834,072     257      9.2                3.5
  40--44          245,257          2,729,318     598     21.9                9.9
  45--49          179,481          1,984,644    1,033    52.2                20.3
  50--54          149,536          1,628,114    1,537    94.4                44.9
  55--59          120,381          1,277,575    2,104    164.7              104.1
  60--64           72,428           731,329     2,090    285.8              197.4
  65--69           29,232           270,031     1,170    433.3              350.7
  70--74           17,051           142,821      793     555.2              513.4
  75--80           8,008             58,725      314     534.7              655.7
  Total          1,309,144         14,331,533   10,007   69.83                \-

Ministry of Health, Welfare and Family Affairs. Annual report of cancer incidence (2005) and survival (1993--2005) in Korea, 2008; Cancer incidence in 2005 was used for comparison with study participants with follow-up period of 1996--2007.

The mean age of the cohort was 45 years. A total of 28.6% were never smokers, and 13.9% were current smokers consuming ≥1 pack per day. The majority of participants were alcohol consumers (84.6%) and had a BMI within the normal range (18.5--24.9, 69.0%). Twelve percent of participants had a family (parent or sibling) history of any cancer, and 6% had fasting glucose levels \>126 mg/dL ([Table 2](#pone-0054823-t002){ref-type="table"}).

10.1371/journal.pone.0054823.t002

###### Baseline characteristics and univariate analysis.
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  Risk factor                       Total (*N* = 1,309,144)     Events (*n* = 10,007)   Hazard ratio[\*](#nt102){ref-type="table-fn"} (95% CI)  
  ------------------------------ ----------------------------- ----------------------- -------------------------------------------------------- -------------------
  Age, mean (SD), y                                                 44.66 (10.36)                                                               
  Age                                      ≤50 years              942,632 (72.00%)                          2,231 (22.29%)                       1.00 (reference)
                                          \>50 years              366,512 (28.00%)                          7,776 (77.71%)                       1.66 (1.54--1.78)
  Smoke                                      Never                374,917 (28.64%)                          1,535 (15.34%)                       1.00 (reference)
                                             Past                 197,813 (15.11%)                          1,287 (12.86%)                       1.52 (1.41--1.63)
                                    Current, \<0.5 pack/day        118,504 (9.05%)                           896 (8.95%)                         1.87 (1.73--2.04)
                                  Current, 0.5--0.99 pack/day     435,914 (33.30%)                          3,956 (39.53%)                       3.34 (3.15--3.55)
                                     Current, ≥1 pack/day         181,996 (13.90%)                          2,333 (23.31%)                       5.33 (5.00--5.69)
  Age at smoking initiation              Never or Past            572,730 (43.75%)                          2,822 (28.20%)                       0.54 (0.51--0.58)
                                            Age ≥40                50,567 (3.86%)                           1,283 (12.82%)                       1.00 (reference)
                                         30≤ Age \<40             188,622 (14.41%)                          2,995 (29.93%)                       1.76 (1.64--1.88)
                                         19≤ Age \<30             467,375 (35.70%)                          2,740 (27.38%)                       1.91 (1.77--2.07)
                                         16≤ Age \<19              21,495 (1.64%)                            130 (1.30%)                         2.38 (1.98--2.88)
                                           Age \<16                 8,355 (0.64%)                             37 (0.37%)                         2.54 (1.82--3.54)
  Alcohol                           Non-drinker (0 g/week)        201,626 (15.40%)                          1,353 (13.52%)                       1.00 (reference)
                                     Low (1--188.9 g/week)        605,688 (46.27%)                          3,692 (36.89%)                       1.09 (1.03--1.17)
                                  Medium (189--440.9 g/week)      195,467 (14.93%)                          1,512 (15.11%)                       1.30 (1.21--1.40)
                                      High (≥441 g/week)           117,112 (8.95%)                          1,086 (10.85%)                       1.58 (1.45--1.71)
  BMI, kg/m^2^                              \<18.5                 31,252 (2.39%)                            627 (6.27%)                         1.41 (1.30--1.54)
                                          18.5--22.9              533,254 (40.73%)                          4,928 (49.25%)                       1.00 (reference)
                                           23--24.9               371,454 (28.37%)                          2,401 (23.99%)                       0.74 (0.70--0.77)
                                             ≥25.0                373,184 (28.51%)                          2,051 (20.50%)                       0.65 (0.62--0.69)
  Physical activity                          None                 626,088 (47.82%)                          5,449 (54.45%)                       1.000 (reference)
                                             Light                208,146 (15.90%)                          1,358 (13.57%)                       0.86 (0.81--0.91)
                                           Moderate               386,403 (29.52%)                          2,269 (22.67%)                       0.78 (0.74--0.82)
                                             Heavy                 88,507 (6.76%)                            931 (9.30%)                         0.89 (0.83--0.95)
  Family history of cancer                    No                  676,870 (51.70%)                          5,642 (56.38%)                       1.00 (reference)
                                              Yes                 152,786 (11.67%)                          1,002 (10.01%)                       0.98 (0.92--1.05)
  Fasting glucose level, mg/dL               \<126               1,229,881 (93.95%)                         9,049 (90.43%)                       1.00 (reference)
                                             ≥126                  79,263 (6.05%)                            958 (9.57%)                         1.10 (1.03--1.18)

Hazard ratios were obtained from a Cox proportional hazards model.

In univariate analyses, older age, smoking, early age at smoking initiation, high alcohol consumption, and low BMI were significantly associated with a higher lung cancer risk. Having a family history of any cancer was not significantly related to lung cancer risk. High glucose levels were also associated with an elevated lung cancer risk. In the multivariable setting, age was included as a quadratic term (age2) in the model. Smoking duration did not improve the goodness of fit of the model; thus, in the final model, we used a composite of variables for smoking, which was divided into five categories (never; past; current, \<0.5 packs/day; current, 0.5--0.99 packs/day; and current, ≥1 pack/day) based on the combination of smoking status and the average amount smoked per day. Current smokers with high cigarette consumption (≥1 pack/day) showed an approximately four-fold elevated risk of developing lung cancer, and there was a significant increasing trend of lung cancer risk by amount smoked (*p* for trend \<0.0001). Alcohol consumption was no longer significant when it was included in the model simultaneously with smoking; hence, it was excluded from our final model.

Lean participants (BMI \<18.5) had a 39% increased risk of developing lung cancer, whereas heavier participants had an approximately 29% decreased risk compared with participants with a normal BMI. Physical activity appeared to decrease the lung cancer risk by about 5--13%, and high fasting glucose levels (≥126 mg/dL) was significantly associated with lung cancer ([Table 3](#pone-0054823-t003){ref-type="table"}).

10.1371/journal.pone.0054823.t003

###### Multivariable regression model: risk prediction model.
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  Risk factor                        β      HR[\*](#nt103){ref-type="table-fn"} (95% CI)   *p*-value   *p* for trend
  ------------------------------ --------- ---------------------------------------------- ----------- ---------------
  Age-Mean~age~, years            0.1668                 1.18 (1.18--1.19)                 \<0.0001   
  (Age-Mean~age~)^2^, years^2^    −0.0020               1\. 00 (1.00--1.00)                \<0.0001   
  Smoke                                                                                               
  Never                                                   1.00 (reference)                               \<0.0001
  Past                            0.4180                 1.52 (1.41--1.64)                 \<0.0001   
  Current, \<0.5 pack/day         0.4444                 1.56 (1.42--1.71)                 \<0.0001   
  Current, 0.5--0.99 pack/day     0.9414                 2.56 (2.37--2.78)                 \<0.0001   
  Current, ≥1 pack/day            1.3889                 4.01 (3.68--4.37)                 \<0.0001   
  Age at smoking initiation                                                                           
  Age ≥40                                                1.000 (reference)                               \<0.0001
  30≤ Age \<40                    0.2194                 1.25 (1.16--1.34)                 \<0.0001   
  19≤ Age \<30                    0.2809                 1.32 (1.23--1.43)                 \<0.0001   
  16≤ Age \<19                    0.5249                  1.69 (1.4--2.04)                 \<0.0001   
  Age \<16                        0.7120                 2.04 (1.46--2.84)                 \<0.0001   
  BMI, kg/m^2^                                                                                        
  \<18.5                          0.3306                 1.39 (1.28--1.51)                 \<0.0001      \<0.0001
  18.5--22.9                                              1.00 (reference)                            
  23.0--24.9                      −0.2468                0.78 (0.74--0.82)                 \<0.0001   
  ≥25.0                           −0.3386                0.71 (0.68--0.75)                 \<0.0001   
  Physical activity                                                                                   
  No                                                     1.000 (reference)                               \<0.0001
  Light                           −0.0909                0.91 (0.86--0.97)                  0.0029    
  Moderate                        −0.1412                0.87 (0.83--0.91)                 \<0.0001   
  Heavy                           −0.0521                0.95 (0.89--1.02)                  0.1431    
  Fasting glucose level, mg/dL                                                                        
  \<126                                                  1.000 (reference)                            
  ≥126                            0.0792                 1.08 (1.01--1.16)                  0.0201        0.0201

Hazard ratios were obtained from a Cox proportional hazards model.

Age at Smoking Initiation {#s3b}
-------------------------

Our data also showed that the age at smoking initiation was significantly associated with lung cancer risk ([Tables 2](#pone-0054823-t002){ref-type="table"} and [3](#pone-0054823-t003){ref-type="table"}). The younger the age of smoking initiation the higher the risk of lung cancer. Furthermore, the age at smoking initiation was shown to be negatively associated with the average amount smoked per day ([Figure 1](#pone-0054823-g001){ref-type="fig"}). Age at smoking initiation remained significant in the multivariable regression model and was therefore selected for the final model.

![Association between age at smoking initiation and the smoking amount per day among current smokers.](pone.0054823.g001){#pone-0054823-g001}

Score Sheet for Lung Cancer Risk {#s3c}
--------------------------------

The predicted probability of developing lung cancer in 8 years was calculated based on the scoring system presented in [Appendix S1](#pone.0054823.s001){ref-type="supplementary-material"} A. The score sheets reflected the standardized point-based score system for each risk factor in the final model ([Appendix S1](#pone.0054823.s001){ref-type="supplementary-material"} B). The standardized points for each risk factor were calculated to be proportional to the β coefficients from the risk prediction model and rounded up to the nearest integer.

Validation of the Risk Prediction Model {#s3d}
---------------------------------------

Our risk prediction model showed excellent discrimination (C statistic = 0. 864, 95% CI = 0.860--0.868) ([Figure 2](#pone-0054823-g002){ref-type="fig"}). The prediction model with only age and smoking variables also showed excellent discrimination (C statistic = 0.861, 95% CI = 0.857--0.865). However, the model fit was improved by including other covariates (age at smoking initiation, physical activity, BMI, and fasting glucose levels), therefore our final model included all significant variables (likelihood ratio test, χ^2^ = 442.14, df = 11, p\<0.0001). While the discrimination of the model was excellent, the calibration was rather limited (Hosmer--Lemeshow type χ^2^ test, p\<0.001), as shown in [Figure 2](#pone-0054823-g002){ref-type="fig"}.

![Discrimination and calibration of the lung cancer prediction model (A: discrimination, B: calibration).](pone.0054823.g002){#pone-0054823-g002}

When the performance of our developed model was tested on an external validation dataset, the discrimination was excellent (C statistic = 0.871, 95% CI = 0.867--0.876), as shown in [Figure 3](#pone-0054823-g003){ref-type="fig"}.

![Discrimination and calibration of the lung cancer prediction model tested on an external validation set\* (A: discrimination, B: calibration, *n* = 507,046, event = 4,539).](pone.0054823.g003){#pone-0054823-g003}

Illustration of Individual Absolute Risk Estimate for Lung Cancer {#s3e}
-----------------------------------------------------------------

[Table 4](#pone-0054823-t004){ref-type="table"} presents the estimated probability of developing lung cancer within 8 years in Korean men with various age and risk profiles. The first risk profile is for a man with the lowest combination of risk factors. He is a 30-year-old man who has never smoked in his lifetime, has a BMI of ≥25 with moderate physical activity, and has fasting glucose levels in the normal range. The absolute risk of developing lung cancer within 8 years for this person is only 0.004%. In contrast, for risk profile \#9, a 65-year-old man who is a current smoker consuming ≥1 pack of cigarettes per day, started smoking at \<16 years of age, is thin (BMI of \<18.5), has low physical activity, and has glucose levels above the normal range (≥126 mg/dL), the absolute risk of getting lung cancer in 8 years is as high as 22.31%. This is about 16 times (22.31% vs. 1.39%) higher than the risk for an identically aged man with the lowest risk who has a "preventive" lifestyle such as never smoking, doing moderate physical activity, and maintaining normal body weight and health conditions such as normal fasting glucose levels (risk profile \#12).

10.1371/journal.pone.0054823.t004

###### Illustration of 8-year absolute risk estimates for lung cancer in Korean men with different risk factor profiles.
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  Patient profile no.    Age (years)        Smoking         Age at smoking initiation      BMI       Physical activity   Fasting glucose level (mg/dL)   8-year absolute risk (%)
  --------------------- ------------- -------------------- --------------------------- ------------ ------------------- ------------------------------- --------------------------
  1                          30         Current, ≥1 pack            Age \<16              \<18.5            No                       ≥126                         0.081
  2                          30        Current,\<0.5 pack         16≤ Age \<19          18.5--22.9         Light                     \<126                        0.0160
  3                          30               Past                     --                 ≥25.0          Moderate                    \<126                        0.006
  4                          30            Non-smoker                  --                 ≥25.0          Moderate                    \<126                        0.004
  5                          50         Current, ≥1 pack            Age \<16              \<18.5            No                       ≥126                         3.228
  6                          50        Current,\<0.5 pack         16≤ Age \<19          18.5--22.9         Light                     \<126                        0.639
  7                          50               Past                     --                 ≥25.0          Moderate                    \<126                        0.250
  8                          50            Non-smoker                  --                 ≥25.0          Moderate                    \<126                        0.165
  9                          70         Current, ≥1 pack            Age \<16              \<18.5            No                       ≥126                         24.311
  10                         70        Current,\<0.5 pack         16≤ Age \<19          18.5--22.9         Light                     \<126                        5.298
  11                         70               Past                     --                 ≥25.0          Moderate                    \<126                        2.104
  12                         70            Non-smoker                  --                 ≥25.0          Moderate                    \<126                        1.390

Smoking Cessation Effect {#s3f}
------------------------

[Table 5](#pone-0054823-t005){ref-type="table"} illustrates the range of predicted 8-year lung cancer risk among smokers in various percentiles according to the modification of smoking status. For a 57-year-old Korean man who smokes more than half a pack of cigarettes per day, started smoking in his thirties, is overweight, has low physical activity, and has normal blood glucose levels, the lung cancer risk is in the 95th percentile. If he quits smoking, his risk of developing lung cancer within the next 8 years is 0.73% as opposed to 2.51% if he continues to smoke, which is about 3.47 times higher. A similarly large discrepancy in lung cancer risk was estimated between men that quit smoking and those who have not. For instance, for a 33-year-old man who currently smokes ≥1 pack of cigarettes per day, began smoking between 19 and 30 years of age, is overweight, performs light physical activity, and has normal fasting glucose levels, the present risk of lung cancer is in the 25th percentile among all participants. If he quits smoking, his risk of developing lung cancer within the next 8 years is 0.013% as opposed to 0.04% if he continues to smoke, which is about 3.50 times higher ([Table 2](#pone-0054823-t002){ref-type="table"}).

10.1371/journal.pone.0054823.t005

###### Predicted lung cancer risk within 8 years by modification of smoking habits among smokers.

![](pone.0054823.t005){#pone-0054823-t005-5}

                                              Percentile of lung cancer risk                                                     
  ------------------------------------------ -------------------------------- -------------- -------------------- -------------- --------------
  Age (years)                                               34                      33                42                46             57
  Smoking                                                 Never                ≥1 pack/day    0.5--0.99 pack/day   ≥1 pack/day    ≥1 pack/day
  Age at smoking initiation                                 NA                 19≤ Age \<30      30≤ Age \<40      30≤ Age \<40   19≤ Age \<30
  BMI                                                   23.0--24.9                ≥25.0             ≥25.0           23.0--24.9       ≥25.0
  Physical activity                                         No                    Light             Light               No             No
  Glucose, mg/dL                                          \<126                   \<126             \<126             \<126          \<126
  8-year risk if no further smoking, % (A)                  NA                    0.013             0.072             0.171          0.726
  8-year risk if continued smoking, % (B)                   NA                    0.044             0.152             0.561          2.514
  Ratio (B/A)                                               NA                    3.496             2.101             3.282          3.465

NA = not applicable.

Discussion {#s4}
==========

In this study, we developed a lung cancer risk prediction model using the data from a large-scale population-based cohort of Korean men and examined the model performance using an external validation dataset. To our knowledge, this is the first comprehensive effort to develop an absolute lung cancer risk prediction model that also evaluated the discrimination and calibration of the model with an external validation data in the Asian population. Our model discriminates well between patients with lung cancer and normal controls with a C-statistic of 0.864. Many lung cancer risk prediction models have been previously developed. Spitz et al. utilized participants from a case-control study at The University of Texas MD Anderson Cancer Center [@pone.0054823-Spitz1]; Colditz et al. used Surveillance Epidemiology and End Results (SEER)data [@pone.0054823-Colditz2], Bach et al. used CARET data [@pone.0054823-Bach2], and and Tammenagi et al, recently published their findings using participants from the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial (PLCO) [@pone.0054823-Tammemagi1]. However, all these studies were conducted with White participants in the United States. Spitz et al further recognized the importance of race-specific risk prediction models and developed an African American risk prediction model for lung cancer. [@pone.0054823-Etzel1]. In regard to discrimination, our model showed a higher discrimination (86%) than did most other lung cancer risk models, which have shown discrimination ranging from 57% [@pone.0054823-Spitz1] to 75% [@pone.0054823-Etzel1] and discrimination similar to that in the PLCO trial (86%) [@pone.0054823-Tammemagi1].

Smoking patterns and the magnitude of increased risk of lung cancer among smokers are very different between Asian and Western populations. The lung cancer risks observed among smokers in Asian populations are in general much lower than those in Western populations. Meta-analysis results by Gandini et al. showed that White and African-American smokers are at 9.94- and 10.2-fold higher risk of having lung cancer compared with non-smokers, respectively [@pone.0054823-Gandini1]. In contrast, the lung cancer risk among current smokers is about four times the risk among non-smokers in Asian countries such as Japan, China, and Korea [@pone.0054823-Jee1]. Furthermore, lung cancer incidence rates in American men have greatly exceeded those in Japanese men for several decades despite the higher smoking prevalence in Japanese men, also known as the "Japanese smoking paradox" [@pone.0054823-Nakaji1]. A multicenter case--control study involving both American and Japanese individuals was carried out and showed striking results: the odds ratio (OR) of current US smokers relative to non-smokers was 40.4, which is more than 6 to 10 times higher than the OR for current Japanese smokers (3.5--6.3) [@pone.0054823-Stellman1]. Several possible explanations for the differences in OR between Asian and Western populations have been suggested, including a longer duration of heavy smoking in Americans, a more toxic formulation of American-manufactured cigarettes, higher efficiency of filters in Japanese cigarettes, lower alcohol consumption by Japanese males, and a higher background risk of lung cancer among non-smokers in Asia [@pone.0054823-Takahashi1]. The lung cancer mortality rates per 100,000 person-years among non-smokers in Asian populations (rate = 35.6 in Japanese men and 24.6 in Japanese women) were indeed shown to be much higher than those in the US (rate = 15.7 in Cancer Prevention Study I (CPS-I) and 14.7 in Cancer Prevention Study II (CPS-II)) [@pone.0054823-Thun1], [@pone.0054823-Yun1], [@pone.0054823-Marugame1]. In our study, the crude lung cancer incidence rate among non-smokers was 37.28 per 100,000 person-years, which appears to be very similar to rates in Japan and higher than rates in Western countries. A possible explanation for these higher lung cancer incidence rates among non-smokers in Asian countries is that they are more exposed to indoor air pollution and secondhand smoke, and the background risk of lung cancer is elevated among Asian non-smokers [@pone.0054823-Thun2].

Since Korea has universal health insurance coverage by the Korea National Health Insurance Corporation (KNHIC), the algorithm of this individualized prediction model for lung cancer can be utilized in the KNHIC database and the results can be provided to health examinees when they receive their health check-up results. This will be helpful when clinicians counsel patients and recommend lifestyle modifications, most importantly to quit smoking (or to continue not smoking or not to begin smoking). Age at smoking initiation was shown to be negatively associated with the average amount smoked per day. This might be attributable to the fact that participants who began smoking at an earlier age tend to be more addicted to nicotine, hence the average number of cigarettes consumed per day is higher in these participants. In our model the lung cancer risk for these participants was higher.

Another interesting feature of our model is its inclusion of BMI. Our data showed a very consistent inverse relationship between level of body fat (BMI) and lung cancer risk. Because we anticipated potential residual confounding by smoking, we also performed subset analyses on BMI separately in non-smokers, past smokers, and current smokers. However, the inverse relationship still remained significantly strong (p for trend, \<0.001). To avoid the possible bias derived from participants who had lower weights at baseline due to existing progressive lung cancer, we repeated our analyses excluding all lung cancer cases diagnosed within the first 1 or 2 years after initiation of the study. In this sensitivity analysis, the same trend with respect to BMI was observed. According to a systematic review of 21 cohort studies, 24 case--control studies, and 1 ecological study that investigated body fat and lung cancer risk, 20 cohort studies showed a decreased lung cancer risk with increased BMI, 12 of which showed statistically significant results. The meta-analysis suggested a 5% decreased risk of lung cancer for each increase of 5 kg/m2 [@pone.0054823-Ells1]. Our analysis showed consistent results in all three groups divided by smoking status; hence, this effect of BMI was too strong to ignore or to regard as an artifact derived from confounding with smoking. The possibility of weight loss in patients with undiagnosed cancer remains questionable. The effect of physical activity appeared to be stronger among non-smokers in our subset analysis.

The performance of the models was measured with respect to discrimination and calibration abilities. Furthermore, unlike in the risk prediction model developed from a case--control study and baseline incidence rates, our study was based on a population-based cohort; hence, modification of the model, such as updating the risk factors and including newly diagnosed cancer cases, was possible. We also validated our model with an external dataset.

There are several potential limitations of this study. First, there was no assessment of the effect of environmental or occupational risk factors on lung cancer, such as second-hand smoke, exposure to air pollution or asbestos, etc. However, because lung cancer risk is mostly dominated by active cigarette smoking (C-statistic = 0.861 when the model includes age and smoking variables only) and this model was developed for Korean men, whose adult smoking prevalence is high, we believe that the impact of not including environmental risk factors in our model is minimal. Second, the information on family history of lung cancer was not available in the data used to develop the risk prediction model in this study. Third, this lung cancer risk prediction model included only men. The smoking prevalence among Asian women is very different from that among Asian men, usually much lower. In Korea, smoking among women is not culturally well accepted; thus, the reporting of smoking habits is known to be underestimated. However, even taking into account the underreporting of smoking among women, the cancer burden attributable to men is much greater in Korea. We believe that risk prediction models should be developed in men and women separately. A model for women was not developed in this study because there was insufficient smoking data for women. Finally, although smoking status and smoking intensity among current smokers were considered in the model, we were not able to differentiate the effect of smoking intensity among past smokers because such data were not available.

Despite the limitations mentioned above, we believe that our study provides a very important tool, namely, the first Asian version of a validated lung cancer risk prediction model that can project the absolute risk of developing lung cancer. Projection of an individual's absolute risk can be estimated only by prediction equations developed from a longitudinal study, and in this sense, our risk prediction model is of great importance. It is expected to play an important role in applying cancer prevention strategies in Korea and can provide a further reference for other Asian populations.
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**Detailed scoring system for our lung cancer risk prediction model.** Table A. Application of Tables. Table B. Score sheets were developed to predict the lung cancer risk from the β-coefficient estimates in the Cox regression model ([Table 3](#pone-0054823-t003){ref-type="table"}).
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